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ABSTRACT

Cells from the flight lot of The Mars Global
Surveyor (MGS) battery wem configured as a
tmt pack  and I..mderw%mt  CkW3CtCtiZatiOIl  tCStS.

‘he MGS battery is based on 20 Ampere-hour
2-Cell Common Pressure Vessel (CPV)
technology. The primary goal of the current
CPV characterization test was to understand how
(NH) V/T curves would map onto the NICd
curves  existing in spamaaft hardware. To that
end, (NiHz) V~ curves were experirnentatly
determined. The results of that determination are
describd  below.

INTRODUCTION

Nickel-Hydrogen (Nii>  batteries have been used
on communication satellites for many years, but
until recentty  the Hubble Space Telescope was
the only NASA mission that utilized NIHZ
technology. During the coming years several
more NASA missions will use Nickel-Hydrogen
batteries as the means of energy storage. Many
of these missions have baselined  the newer 2-
Cell Common Pressure v e s s e l  (CPV)
technology. The Mars Global Surveyor (MGS),
which wm launched last November, was the fkst
of these missions. Other near term missions
such m SST1-Lewis,  Mars Surveyor Program
OVISP’98), MIDEX, and Stardust  have built or
are in the process of building tight batteries also
based on the more recent CPV technology.

Charge control for spacecraft NiHz batteries has
evolved for optimum maintenance of batteries for
satellites in Geosynchronous (GEO) orbits. For
these types of orbiq there is one
chargektischarge  cycle per day and hence a
relatively longer time for charging. The usual

charge control method consists of charging the
battery to a fixed charge to discharge ampre-hour
ratio (Cm ratio) at a relativel  y high rate (C/1 O to
C/25) and then switching to a trickle charge rate
(C/60 to C/100) for the remainder of the 24-hour
eclipse day (Dunlop et. al., 1993). The actual
vafues of the C/D ratio and the time spent on
trickte charge area function of temperature. l%e
actual charge and discharge rates and are governed
by experience.

In the case of Low Earth Orbit (LEO) spacwraf~
batteries undergo on the O* of 15
chargcMischwge cycles per 24 hour period md
hence the batteries have only about 60 min. to
be fully charged before the next discharge cycle
begins. Charge control schemes similar to those
used on for GEO spacecraft have been
succtxfully  used in LEO ground tests of N1H2

batteries. Vatues  of the charge control
parameters (rates, C/D) for these tests me again
judicious choices based on expaience.  The goal
of charge control schemcx  is to bring the
batteries to the highW possible state of charge
while mintiizing  overcharge. Minimizing
overcharge is generally acxqted to nxtuce
&gradation and increase cycle life, especially in
LEO regimes, this was- a major rea..on for the
development of NiCd W curvess.

In the case of MGS, the hardware for charge
control was inherited from a previous mission
which wm t-wed on NiCd V~ curves. me
potentiaJ use of tlight  ham-lwam designed for a
NiCd system used to conrrol  a NiHz battery was
the main driver for the chamctenzation  tests
de.scribed below.



RESULTS AND DISCUSSION
EXPERIMENTAL

~c(csL;uticlc  wasatirccuni( pack olRNHC-
20-7 Common Prcssurc Vcsscl  Cell (CPV) from
the MGSflight lotmanufac(urcdby Eagle-Pichcr
Inclustrics. The saticn( features of the drxsign
include: Nominat  capacity 20 Ah, EPI Mantech
design, ‘Rabbit’ ear terminals double layer Zircar
separator, Zirconium wall wick, Teflon barrier on
weld ring, Nickel precharge~  31 %,KOH, with a
nominal weigh~ of 1260g/CPV,  The three cell
pack was wired for computer control md
monitoring and placed in a temperature controlled
chamber. The initial test sequence included a
partial sequence from the Acceptance Test
procedure performed at the manufacturers facility
before shipment ( 10”C capacity, 25°C capacity, -
5°C capacity and charge retention).

The steps for determination of V~ curves have
been previously descrhd  (Ratnakumar  et. at.,
1996) and are summarized as follows:
a) Select typical orbital profile (120 min. orbit
with 41 min. dkcharge).
b) Select Charge Discharge rates expected for the
mission (9.6 Amp discharge, 7.5 Amp charge in
the case of MGS).
c) Set chamber temperature and soak the pack
until temperature is stable.
d) Select initial voltage limit level and cycle cell
until stable State of Charge is obtaind (60
cycles)
e) Perform a capacity check (C/2 discharge to
2.0 V/CPV followed by a C/10 charge for 16
hours)
~ Increase voltage limit and repeat steps a to e
until enough points are taken to determine the
trend.
g) Select a new temperature and perform steps a
to f.

The above sequence generdtes a family of curves
one for each temperature (Voltage vs ~0

Recharge) from which the Vrr curves can be
constructed. The curves are constructed by
selecting a safe ‘ 9i0 Recharge’ operationat tartge
bmcd on previous experience. The corresponding
voltage range is subsequen(l  y divided into 16
segmen~s which define t_he V/T levels. Details of
the V/T curve construction are pre.sentcd in the
results and discussion section.

A s  &scfik?d  h)VC, initial cvatua[ion of the
CCIIS incluckt partial replication ot’ the ATP test
performed at the manulaclure’s tacili[y.  Results
of the 10°C capacity tcsL$ arc shown if Figure 1.

Figure 2 is a typical equilibration cycle under
expected typical orbital conditions as descrikd  in
the figure. After the state of charge is stabilized
(60 cycles) the ‘% Recharge’ or C/D ratio was
obtained. This sequence was performed m a
function of temperature and voltage m dcscritxct
in steps a to g. Furthermore, after the 60th cycle
at each of these conditions, once the cells H
stabilized, a capacity mca.urement (i.e. C/2
discharge) wm performed before going on to the
next set of sixty cycles. The results of the
stabitizcd  capacity measurements are shown in
Figure 3 m a family of curves which show C/D
rati

$
a function of voltage at different

tern ratures.  V~ curves can be determined from
this figure by selecting an acceptable range of
CID ratio, this selection is usuatly based on
experience. An appropriate selection is to chose
the range of C/D ratio from 101% to 120%.
This selection defines the voltage range horn
1.46 V to 1.52 V per cell. In this case there are
16 CXMS (8 CPVS per battery) thus the battery
voltage range would be from 23.4 V to 24.3 V.
In practice, however, end of life performance is
characterized by an increase in cell impedance ti
a provision has to be made to be able to charge at
higher voltages at the end of life. Similarly
provisions need to be made to be able to charge
the battery with one cell shorted.

Figure 4 shows the experimentally obtained V/T
curves (VTf exp) superimposed on the actuat Vff
curve$ (V~l to V/T8-S) which reside in
spacecraft hardware. The spacecraft V~ curves
were originally developed for a NiCd battery by a
technique simihr to the6ne descnbcd in the text,
subsequently they were shifted down by - 1.0 V
in anticipation of being able to charge a NiH2

battery. The symmetry and spacing of the
spacecraft V/’f curves is a direct con.scquenm of
the electronics used to generate them.
Superposition of the experimentally determined
V~ curves indicate that the spacecraft V/T curves
will sa[isfy  the conditions mentioned above al
will bc sut’ficicnt to charge the MGS ba[tery.



Figure 5 shows the state of charge (C/2 capacity V/cell) will not result in any additional capacity
at the end of the 60th cycle under the given unless the battery is al very low temperamres.
conditions) a.. a function of vc)ltage. The data Figure 5 can also be used as a guideline m select
corroborate the indication that it will be difficult the optimum V~ level m maintain energy
[o fully charge the battery if it warms up to balance and minimize overcharge.
-20”C.  From the figure it can also be seen that
going to voltage levels greater than 24 V (1.5
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Figure 1. C/10 charge followed by C/2 discharge on a three cell pack of 20 Ah NIH,  2-cell
CPV units from MGS lot.
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Figure 2. Typical cycle, one of 60, characteristic of the Mars Mapping orbits for which
the battery will be charged using V/T control.
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Charge to discharge ampere-hour ratio as a function of temperature and charge
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Figure 5. State of charge as a function of temperature and voltage.

SUMMARY

A three cell pack of RNHC-20-7 CPVS from the
MGS fli@ lot W= Charauerized  to debmine

Use feasibility of charging the MGS battery with
Vfl curves inherited in hardware. ‘he
chamcterization  tests show that the spamcdl
Vfl curves am sufficient to charge the battery.
The characterization data also indicate that
charging the battery to voltages above 1.5 V celt
would not @l any capacity to the battery unless
the battery was at a very low temperature. The
Voltage vs. state of charge can be used as a
guideline for the selection of the optimum VfT
level.
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